This PDF file includes: Table S1 . Mascot search results for mass spectrometry data for purified LmrA-WT. Table S2 . Mascot search results for mass spectrometry data for purified LmrA-ΔK388. Table S3 . Speciation of HEPES at pH 6.5 as a function of the HEPES concentration. Data analysis S1. Determination of E rev values and ion stoichiometry. Data analysis S2. Comparisons of ion transport models. View of the interface between protomers from the extracellular side. Glu (orange), Gln and Asn (yellow) side-chains along helices TM3 and TM4 are highlighted. Proton-binding E314 is located in the interior cavity at the dimer interface in close proximity to an amide-containing face (Q141, N144, N148] in TM3. The bottom of the interior cavity contains 4 amide side chains, N137 (intracellular extension of TM3) and Q211 (intracellular extension of TM4) in each half-transporter (in blue circle) near the membranecytoplasm interface. The arrangement of these 4 amide residues is similar to those in known Na + and Cl -binding sites in a variety of proteins (see fig. S4 ). The position of these residues along the membrane normal is indicated in (A).
Fig. S4. Binding sites for Na
+ and Cl − in example proteins. The structures shown are a sample of those identified in a search of the Protein Data Bank (see Material and Methods) that primarily consist of Gln or Asn residues without ionisable residues. The PDB code is specified in each case. When the structure is an oligomeric assembly, each protomer is coloured separately (yellow, marine, etc.) . The groups involved in direct ion coordination (side-chain, backbone, water molecules) are highlighted. (A) Binding sites for Na + , from left to right: 3-ketosteroiddelta 1-dehydrogenase from Rhodococcus erythropolis SQ1 (PDB 3C3X); EutL from Clostridium perfringens (PDB 4TME); designed β-trefoil-like protein (PDB 3PG0). 
LmrA (Lactococcus lactis)
129 We consider a thermodynamic reaction cycle involving the coupled transport of n Na sodium ions from the outside to the inside of the phospholipid bilayer, and n Cl chloride ions, n H protons, and n D drug molecules from the inside to the outside, with z Na , z Cl , z H , and z D representing the charge of these ions. At equilibrium, the free energies of the coupled ions define a zero-flux equation relating the reversal potential (E rev ) to the transmembrane ion gradients: ] out set at 2.9*10 -7 M, 7.3*10 -7 M, 2.9*10 -6 M or 3.6*10 -6 M, Eq. 2 transforms into: In our previous measurements of the chemical proton gradient-dependent transport of radioactive 36 Cl -in LmrA-containing proteoliposomes, we directly established that LmrA mediates the symport of Cl -and proton with the stoichiometry of 1:1 (10).
Therefore, n H = n Cl (Eq. 7)
Our observations for symmetrical NaCl-containing buffer solutions that the ATP-induced ion conductance by LmrA-WT is directly proportional to the imposed membrane voltage (Fig. 2H) demonstrates the transbilayer movement of one positive charge per transport cycle, with the term:
= 1 in Eq. 2. Hence,
Taken together, Equations 4 -8 indicate that the number of ions per transport cycle is n Na = 2, n Cl = 1, n H = 1, and n D = 1
In the schematic below, in and out refer to the inside and outside of the membrane in lactococcal cells. The calculated E rev value of 69.5 mV is close to the experimental E rev value of 66.7 ± 6.1 mV (n = 3) (Fig. 2H) . The calculated E rev value of 35.6 mV is close to the experimental E rev value of 37.6 ± 1.5 mV (n = 3) (Fig. 2H) Hence, the model correctly predicts E rev in response to simultaneous changes in ion gradients.
E2. Change in [NaCl

Data analysis S2. Comparisons of ion transport models.
(A) In previous work, Velamakanni and co-workers (10) focused on electrogenic proton-chloride symport by LmrA-MD and LmrA, and proposed that this reaction is based on apparent (1H To artificially impose a chemical proton gradient (pH, interior alkaline), the proteoliposomes were prepared in 20 mM (K)PIPES (pH 7.6) containing 100 mM (K)acetate, and diluted 100-fold into 20 mM (K)PIPES (pH 6.8) containing 100 mM (K)MES. With the imposed ∆ = 0.8 (equivalent to -47 mV), a 4.4-fold accumulation of 36 Cl -above the equilibration level in empty liposomes was observed (equivalent to -38 mV). ) ] (Eq. 9)
At steady-state with imposed ∆pH only (membrane potential (∆ ) = 0 ), z NaCl = 0, z H = +1, n NaCl = 2 and n H = 1, Eq. 9 transforms into: [ − ] = 6.3
Hence, the predicted pH (interior alkaline)-dependent accumulation of 36 Cl -in Model 2 of 6.3-fold is close to the experimentally observed accumulation, and is in a similar range as the predicted value in Model 1.
A2. ∆ -dependent accumulation of 36
Cl -
To artificially impose a ∆ , the proteoliposomes were prepared in 20 mM (K)Pipes (pH 7.6) containing 100 mM K-acetate, and diluted 100-fold into 20 mM N-methyl-D-glucosamine (NMG) Pipes (pH 7.6) containing 100 mM (NMG) acetate in the presence of valinomycin to induce a potassium diffusion potential (∆ , interior negative) of -118.2 mV. Model 2 predicts a 100-fold accumulation of 36 Cl -in the lumen of the proteoliposomes.
Conclusions
With the imposed electrochemical ion gradients in the proteoliposomes, Model 2 and Model 1 predict Cl -accumulation in a similar range as the experimental values obtained in the study by Velamakanni and co-workers (10). This conclusion is further supported by the notion that the imposed ∆ (based on a potassium diffusion potential) will have been short-lived due to the export of K + from the lumen of the proteoliposomes via valinomycin (Model 1) and valinomycin and LmrA (Model 2). 
(B) Further comparisons of ion transport models
In the electrophysiological experiments in Fig. 2H , the imposition of asymmetric solutions ([NaCl] in /[NaCl] out = 10 mM/150 mM) yielded a measured E rev = 66.7 ± 6.1 mV and calculated E rev = 70.5 mV based on Model 2 (data analyses S1 E1).
In the following section the E rev is calculated using Model 1. )] = 139 mV
Conclusion
Model 2 has a better predictive value of E rev than Model 1.
